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Description 

[0001] This present invention relates to drugs and coated medical devices for the pre e 1 t 1 •> , - 

cular disease, and more particularly to drugs and drug coated medical devices for the prevention and treatment of 

s neointirnai hyperplasia, specifically edge lumen loss and large: lesion restenosis. 

[0002] Many individuals suffer from circulatory disease caused by a progressive blockage of the blood vessels that 
perfuse; the hear! and other major organs, Wore severe blockage of blood vessels in such individuals often leads to 
hypertension, ischemic injury, stroke, or myocardial infarction. Atherosclerotic lesions, which iimst or obstruct coronary 
blood flow, are the major cause of ischemic heart disease. Percutaneous transluminal coronary angioplasty Is a medical 

10 procedure whose purpose is to increase blood flow through an artery. Percutaneous transluminal coronary angioplasty 
Is the predominant treatment for coronary vessel stenosis. The increasing use of this procedure Is attributable to its 
relatively high success rate and its minimal invasiveness compared with coronary bypass surgery. A limitation asso- 
ciated with percutane 5 h i a; occ n 
mediately after th< >roci d restenosis w ing "> lurs \ i naiiy, restenosis 

15 is a chronic problem in patients who have undergone saphenous vein bypass grafting. The mechanism of acute oc- 
clusion appears to involve several factors and may result from vascular recoil with resultant closure of the artery and/ 

r k > III i ibrin tv damaged ength of the newly opened blood vessel. 

[00«H] -a u t in il i i ngioplasty is a more gradual process initiated by vas- 

u jury. Mul i ombosi nation, gro it tokine i se, cell pro fet 3 

20 tion, cell migration and extracellular matrix synthesis each n estenotic f 

[0004] While the < tm ism c > >t completely undergo ) | the restenosis 

roiiferate at a low rate, approximately 

less than 0.1 % per day Smooth muscle cells in the vessel walls exist in a contractile phenolype characterized by eighty 
to ninety percent of the ceil cytoplasmic volume occupied with the contractile apparatus. Endoplasmic reticulum, Goigi, 
25 and free ribosomes are few and are located in the perinuclear region. Extracellular matrix surrounds the smooth muscle 
cells and is rich in heparin-like q yt > » at* < Ii* - * - -u ra i jining smooth 

muscle cells in the contractile phenotypic state (Campbell and Campbell, 1985). 

[0005] Upon pressure expansion of an intracoronary balloon catheter during angioplasty, smooth muscle ceils within 
the vessel wall become injured, initiating a thrombotic and inflammatory response. Cell derived growth factors such 

m ji t t t i ii tim n ( ,< i 1 1 n 

platelets, invading macrophages and/or leukocytes, or directly from the smooth muscle cells provoke a proliferative 
and migratory response in medial smoolh muscle cells. The e cell change ran ihe contr « 1 tic phertotypi 

to a synthetic phenolype rv i I f t ,i r k r< t 

i hi rt < lit i i 1 go Inn i 1 t injur r t \Y > 

35 several days thereaftei (Campbell and Campbell, 1987; Clowes and Schwartz, 1985). 

[0006] Daughter cells migrate to the intimal layer of arterial smooth muscle and continue to proliferate and secrete 
1 neurits oi < ira< t ■ i atrix proteins. Proliferation, migration and extracellular matrix synthesis continue 
- a u^J - v - eyt-r rt-piirt-i r i~ } rdi ~ n r , r , i t t- ir a usually within seven 

to fourteen days post-injury. The newly formed tissue is called neointima. The further vascular narrowing that occurs 

to over the next three to six months Is due primarily to negative or constrictive remodeling. 

[0007] Simultaneous with local proliferation and i i i in u r < i hi nlar niur 

th ee to seven days p injury, in » > 3 igra of the vessel wall. In 

animal models empi /in ; sither balloon injury or sum < ory cells may persist at the site of vascular 

Injury for at least thirty <U* 5 ;f : m : ik ? h ..: vk> >. tot-mian et al., 1998). inflammatory ceils therefore are present and 

-** may contribute to both the acute and chronic phases of restenosis. 

[0008] Numerous agents have been examined for presumed antiproliferative actions in restenosis and nave shown 
some activity in experimental animal models. Some of the agents which have been shown to successfully reduce the 
<t g I in ii , lii i I f ^ t * ar ^ r ; skj 

M., Nature 265; 25-26, 1977, Guyton, J.R. eta!.. Circ. Res., 46: 625-634, 1980; Clowes, A.W. and Clowes, M.M., Lab. 

so Invest, 52: 611-616, 1985; Clowes, A.W. and Clowes, MM., Circ. Res. 58: 839-845, 1986; Majesky et a!., Circ. Res, 
61: 296-300, 1987; Snow et al., Am. J. Pathol. 137: 313-330, 1990; Okada, T. et a!., Neurosurgery 25: 92-98, 1989), 
colchicine {Currier, J.W. et al., Circ. 80: 11-66, 1989), taxo! {So >t i s 

angiotensin converting enzyme (ACE) inhibitors (Powell, J.S. etal., Science, 245: 186-188, 1989), angiopeptin (Lun- 
dergan, C.F. et al. Am. J. Cardiol. 17(Suppl. B):132B-136B, 1991), cyclosporin A(Jonasson, L. et a!., Proc. Natl., Acad. 
55 Sd., 85: 2303, 1988), goat-anti-rabbit PDGF antibody (Ferns, G.A.A., etal., Science 253: 11 29-11 32, 1991), terbinafine 
(Nemecek, G.M. etal., J. Pharmacol. Exp. Thera. 248: 1167-1174, 1989), trapidil (Liu, M.W. etal., Circ. 81_: 1089-1093, 
: 990) tranilast (Fukuyama, J. et al. Eur. J. Pharmacol. 318: 327-332, 1996), interferon-gamma (Hansson, G.K. and 
Holm, J., Circ. 84: 1266-1272, 1991), rapamycin (Marx, S.O. et al., Circ. Res. 76: 412-417, 1995), corticosteroids 
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(Colbum, M.D. et a!., J. Vase. Surg. 15: 510-518, 1992), see also Berk, B.C. et a!., J. Am. Coll. Cardiol. 17:111 B-1 1 7B, 
1991), iomz 1 einberger, ^ eial., int. J. Rad. One. Biol. Phys. 36: 767-775, 1996), fusion toxins (Farb, A. 

eta!., Circ. Res. 80: 542-550, 1997) antisense oligonucleotides (Simons, M. etal., Nature 359: 67-70, 1992) and gene 
vectors (Chang, M.W. et a!., J. Clin. Invest. 96: 2260-2268, 1995). Antiproliferative action on smooth muscle cells in 
s vitro has been demonstrated for many of these agents, including heparin and heparin conjugates, taxol, tranilast, 
colchicine, ACE inhibitors, fusion toxins, antisense oligonucleotides, rapamycin and ionizing radiation. Thus, agents 

erse ni nism v in < < may have therapeutic utility tin /perpia 

[0009] However r i - a models, attempts in human t 

temic pharmacologic means have thus far been unsuccessful. Neither aspinn-dipyridam< - t \ ' • ••• anti-coagulant 
10 therapy (acute heparin, chronic warfarin, hirudin or hirulog), thromboxane receptor antagonism nor steroids have been 
effective in preventing restenosis, although platelet inhibitors have been effective in preventing acute reocclusion after 
r < i 1a ii '/ , 397 angel 91; Popmaetal., 1991). The platelet GP\\ 6 /i|; a receptor, antagonist. 
Reopro® is still under study but has not shown definitive results for the reduc a resiei 

and stenting. Other agenls, which have also been unsuccessful in trie prevention of restenosis, include the calcium 

15 channel antagonists, prostacyclin mimetlcs, angiotensin converting enzyme inhibitors, serotonin receptor antagonists, 
snt five agents T i ;nd i I f ; Ii in j 

effective dose may j i f i Ii i i i ( l 3 " c may exceed the known toxic 

concentrations of these agents so that levels sufficient to produce smooth muscle inhibition may not be reached (Mak 
and Topol, 1997; Lang etal., 1991; Popmaetal., 199'i). 

20 [0010] Additional clinical trials m which the effectiveness for prevoi i my fish oil supplements 

III I h r conflicting or negative results so that no pharmaco- 

logical agents are as yet clinically available to prevent post-angioplasty restenosis (Mak and Topol, 1997; Franklin and 
Faxon, 1993: Serruys, P.W. et al., 1^9D Rt < n i t i r <>l 

nav ease >reven - - s egui i (Tardif et al., 1997; Yokoi, et al., 1997). 

25 Probucoi is presently not approved for use in the United States and a thirty-day pretreaiment period would preclude 
- if-t i i i i n 1 i l i in* k mi e in 

reducing or preventing restenosis after angioplasty in patients with stents (Teirstein et al., 1997). Currently, however, 
the most effective treatments for restenosis are t ; herectom co is I M e > grafting, 

because no therapeutic agents currently have Food and Drug Administration approval for use for the prevention of 

30 post-angioplasty restenosis. 

[0011] Unlike systemic pharmacologic therapy, stents have proven effective in signifies t> - estenosis. Typ- 

all < art > > t stai tubes (usually, but not limi'oc o<->'-^< ^tepi), which, when ex- 

panded within the lumen of an angioplastied coronary artery, provide structural support through rigid scaffolding to the 
arterial wall. This support is helpful in maintaining vessel lumen patency. In two randomized clinical trials, stents in- 

35 creased angiographic success after percutaneous transluminal coronary a c jst> by creas 2 minima! lumen 
diameter and reducing, but not eliminating, the Incidence of restenosis at six months (Serruys et al., 1994; Fischman 
el al., 1994). 

[0012] Additionally, the heparin coating of stents appears io have the added benefit of producing a reduction m sub- 
acute thrombosis sfter stent in uso ruys et 3 1996 Ti , c $1 n i m hani< <pansion of a stenosed 
coronary artery with a stent has been shown to provide some measure of restenosis prevention, and the coating of 
stents with heparin has demonstrated both the feasibility and the clinical usefulness of delivering drugs locally, at the 

[0013] Accordingly, there exists a need for effective drugs and drug delivery systems for the effective prevention and 
reatmentof neoint ccui > u i inal i an 1 y and sten iplan 

45 tatlon, primarily edge lumen loss. 

[0014] The drugs and drug delivery systems of the present invention provide a means for overcoming the difficulties 
associated with the methods and devices currently in use as briefly described above. 

[0015] The drugs and drua < h 1 in s t in 1 > th ra- 

il, 1 hi 1 i ^ pe 1 rtd m t i , ' - e t n ; following per- 

50 cutaneous transluminal coronary angi^pl r > " - 1 - a: it has been determined that rapamycin functions 
to inhibit smooth muscle ceil proliferation through a numfae n I ietern at rapamycin 

elating stent coatings produce superior effects in humans, when compared to animals, with respect to the magnitude 
and duration of the reduction in neointimal hyperplasia. Rapamycin administration from a local delivery platform also 
produces an anti-inl Q c: in the vessel wall that Is distinct from and complimentary to its smooth muscle 

55 i an < tv it n additio 1 - ;o been demonstrated that rapamycin inhibits constrictive vascular 
remodeling in humans. 

[0016] Other drugs, agents or compounds which mimic certain actions of rapamycin may also be utilized in combi- 
nation with local deliver/ systems or platforms. 
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[0017] The local administration of drugs, agents or compounds to stenied vessels have the add tional I 
benefit of higher tissue concentration than that which would be achievable through the systemic administration of the 
same drugs, agents or compounds. Other benefits include reduced systemic toxicity, single treatment, and ease of 
administration. An additional benefit of a local deliver/ device and drug, agent or compound therapy may be to reduce 
s the dose of the therapeutic drugs, agents or compounds and thus limit their toxicity, while still achieving a reduction in 
restenosis. 

[0018] The drug/drug combinations and delivery devices of the present invention may be utilize jtoeffj 

: c A i i 5 i i and in particular, vf ;< ass i, jsed b > 1 *ri* us mf cal t .i <. 1 - , , 

utilized in the treatment of vascular disease may ultimately induce further complications. For example, balloon angi- 

io oplasty is a procedure utilized to increase blood flow through an artery and Is the predominant treatment lor coronary 
vessel stenosis. However, as stated above, the procedure typically causes a certain degree of damage to the vessel 
h ' , i ill i t 1 1 em at a point later in time. Although other procedures and diseases 

may cause similar injury, exemplary embodiments of the present invention will be described with respect to the treatment 
of resieno; ; anc: r ed )mpi:cations following percu incus t 1 , inal < 1 sty and othi ; nilat 

15 arterial/venous procedures. 

[0019] T i i m hi I t 3 ni i i ' ih c j 

number of medical devices, or to enhance the function and/or life of the device. For example, intraocular lenses, placed 
to restore vision after cataract surgery Is often compromised by the formation of a secondary cataract. The latter Is 
often a result of cellular overgrowth on the lens surface and can be potentially minimized by combining a drug or drugs 

20 with the device. Other medical devices which often fail due to tissue in-growth or accumulation of proteinaceous material 
in, on and around the device, such as shunts for hydrocephalus, dialysis grafts, colostomy bag attachment devices, 
ear drainage tubes, leads for pace makers and implantable defibrillators can also benefit from the device-drug combi- 

a| • , 1 n f M i e the s - urn i n t ;us < i < < 1 l > show bent its 

when combined with the appropriate agent or agents. For example, improved osteointe lopedic devices 

25 to enhance stabilization of the implanted device could potentially be achieved by combining it with agents such as 
bone-rnorphogenk ptotein it ?! i staples anas imos de lees vertebral disks, 

bone pins, suture anchors, hemostatic barriers, clamps, screws, plates, clips, vascular Implants, tissue adhesives and 
t M i - c et, of dressings, bone substitutes, intraluminal devices, and vascular supports 

could also provide enhanced patient benefit using this drug-device combination approach. Essentially, any type of 

30 medical device may be coated in some fashion with a drug or drug combination which enhances treatment over use 
of the singular use of the device or pharmaceutical agent. 

[0020] In t > i i< i n i i i u n (i j< Ii, th i )pt ut iml 

pharmaceutic agents indue m 1 mi i >tir agents including natural products such as vinca alkaloids 

(i.e. vinblastine, vincristine, and vinorelbine), pacliiaxel, epidipodophylloioxins (i.e. etoposide, teniposide), antibiotics 

35 (dactinomycin (actinomycin O) daunorubicin, doxorubicin and idarubicm), anthracyciines, mitoxantrone, bleomycins, 
piicamycin (mithramycin) and mitomycin, enzymes ( isp? agit sse which systemically metabolizes L-asparagine and 
depnves cells which do not have the capacity to synthesize their own asparaglne); antiplatelet agents such as G(GP) 
!i b/ !l! a inhibitors an . mneu'in eceptor ant if i 1 -mm, such as nitrogen 

mustards (mechloreth i , > losphamide and ana > ihn hi i i i Inin > n t> » I 

4!> neldm - - t- ii - r ° cud " epa \ - m a -s n ii q nitrosoureas (carmustine (BCNU) and ana- 
'n „i'.f t ufv;zinine(DTIC);ant i t itotic antimetabolites such as folic acid ana- 

logs (methotrexate), pyritnidine analogs (fluorour { laiogs and related inhibitors 

i In t u f \i i i i ii ii r i x 

(cisplann, carbopla \ h -> ' i i i n \^ hm ^ v i >t x t 31 ray 

45 ulants (heparin, synthetic heparin salts and other inhibitors of thrombin); fibrinolytic agents (such as tissue plasminogen 
activator, streptokinase and urokinase), aspirin, dipyridamole, tlolopidine, clopidogrei, abclximab; antirnigratory; an- 
isecretory (breveldin); anti-in n a a - xtic - s (corti corti - m t^^ ed 

dni it) ini t i Ion i > in xar sone), non-steroidal 

gents (i id d f > p inopheno i e. aoetominophen; indole and indene acetic 

so jsfindo in mdeto I < U i l t f 3fenac, and ketorolac), aryipropionlc 

acids (ibuprofen and derivatives), anthranlllc acids (mefenamic acid, and meciofenamic acid), enolic acids (piroxicarn, 
tenoxicam, phenylbutazone, and oxyphenthatrazone), nabumetone, gold compounds (auranofin, aurothioglucose, gold 
'it' i; Immunos mi e; /dot rim rc js (FH 306 sir u i > > lycin), azaihioprine, 
mycophenolaie mcfeiii); angiogenic agents: vascular endothellai growth factor (VEGFj, fibroblast growth meter (FGF;; 

55 angiotensin receptor blockers, nitric oxide donors; anti-sense oligonucleotides and combinations thereof; cell cycle 
inhibitors, mTOR Inhibitors, and growth factor receptor signal transduction kinase inhit . ds, cyclin/CDK 

inhibitors; HMG co-enzyme reductase inhibitors (statins); and protease inhibitors. 

[0021] As stated above, the proliferation of vascular smooth muscle cells in response to mitogenic stimuli that are 
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jrtd ster mplantation is the primary cause of neointii 
neointimal hyperplasia can often lead to impairment of blood flow, cardiac ischemia and the need for a repeat inter- 
eniion in §« t 3 high risk treatment groups. Yet repeat revascularization incurs risk of patient morbidity 

and mortality while adding significantly to the cost of health care. Given the widespread use of stents In interventional 
s lice, there is a c ife and < < < in «a ind legative vascuis remod 

eling. 

[0022] Raf jrnycin is a macroytfk r ibi pi in < streptornyces hygroscopicus a lisclose< US 
s feration of vascular smooth muscle cells m vivo. Accordingly, 
rapamycin may be utilized in treating intlmal smooth muscle cell hyperplasia, restenosis and vascular occlusion in a 
10 mammal, particula 5 c 5 b ;al!y or mechanically mediated vascular injury, or under conditions that 

1 > r II f J i F If II I Hi 1 f t II 

proliferation and does not into- e e o th .he et\ i I ill 

[0023] Rapamycin functions to inhibit smooth museie cell proliferation through a number of mechanisms. In addition, 
rapamycin reduces the other effects caused by vascular injury, for example, inflammation. The operation and various 
is functions of rapamycin are described in detail below. Rapamycin as used throughout this application shall include 
rapamycin, rapamycin analogs, derivatives and congeners Ihat bind FKBP't 2 and possess the same pharmacologic 
properties as raeatnyciu. 

[0024] Rapamycin reduces vase a ^peipia^ i in i -> n n response to mi- 

togenic signals that are released dui i< 11 f grc wth factor and cytokine mediated smooth muscle 

20 proliferation at the late G1 phase of the cell cycle is believed to be the dominant mechanism of action of rapamycin. 
However, rapamycin is also known to prevent T-cell proliferation and differentiation wrier: administered sysiemically. 
This is the basis for its immni-icsuppresive activity and its ability to prevent graft rejection. 

[0025] The molecular events that are responsible for the actions of rapamycin a known snti-proiiferative, which acts 
to reduce the magnitude and duratio 
25 r i v d> < hn1< / i f , , in i j -KBP12. The complex of rapamycin and 

FKPB12int ^ binds o m 3 inhibit- i I i la ti t if > p n v 

or mTOR. The mammalian Target of Rapamycin is a protein kinase that plays a key role in mediating the downstream 

f T lymphocytes. 

These events include phosphorylation of p27, phosphorylation of p70 s6 kinase and phosphorylation of 4BP-1 , an 

M >Ml ' jnla | v i 1 t in 

[0026] It is recognized that rapamycin reduces restenosis by inhibiting neoiniimal hyperplasia. However, there is 
evidence that rapamycin may also inhibit the other major component of restenosis, namely, negative remodeling. Re- 
modeling is a process whose mechanism is not dearly unders hi es is shrinkage of the external elastic 
lamina and reduction in lumenal area over time, generally a period of approximately three to six months in humans. 

35 [0027] Negative or constrictive vascular remodeling may be j • ^ the percent diameter 

stenosis at the lesion site where there Is no stent to obstruct the process, if late lumen loss is abolished in-!esion, it 
may be inferred thai negative remodeling has been inhibited. Another melhod of determining the degree of remodeling 
involves measuring in-lesion external elastic lamina area using intravascular ultrasound (IVUS). Intravascular ultra- 
sound is a technique that i ua | i i 1 la i una r I i Ini ^ 1 1 e i- • i! 

#> elastic lamina proximal and distal to the stent from the post-procedural iirnepoini to four-month and twelve-month 
follow-ups are reflective of remodeling changes. 

[0028] Evidenci i i in is an f t i rei e mes fro an nplant studies with rap i 
coated stents showing a very low degree of restenosis in-lesion as 'well as instant. In-lesion parameters are usually 
measured approximately five millimeters on either side of the stent i.e. proxima an i s. < f i e not present 
45 to control remodeling in these zones which are still affected by balloon expansion, it may be inferred that rapamycin 
is preventing vascular remodeling. 

[0029] Embodiments of the Invention will now be described by way of exmapie with reference to the accompanying 
drawings, in which: 

so Figure 1 is a chart indicating the effectiveness of rapamycin as an anti-inflammatory relative to other antiinflam- 

matories. 

Figure 2 is a view along the length of a stent (ends not shown) prior to exj o s urface of 

the stent and the characteristic banding pattern. 

55 

Figure 3 is a perspective view of the stent of Figure 1 having reservoirs in accordance with the present invention. 
[0030] The data in Table 1 below illustrate that in-lesion percent diameter stenosis remains low in the rapamycin 
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ireal i groups, even at twelve months. Accordingly, these results support the hypothesis that rapamycin reduces 
remodeling. 



TABLE 1.0 



Angiographic in-lesion pe 


cent diameter stenosis (%, mean + SD and "n=") in patient 
coated stent 




Coating group 


Post placement 


4-6 month check up 


12 month check up 


Braz 


10.6 + 5.7 (30) 


13.6 + 8.6 (30) 


22.3+7.2 (15) 


Netherlands 


14.7 + 8.8 


22.4 + 6.4 





[0031] Additional evidence supporting a reduction in negative remodeling with rapamycin comes from intravascular 
ultrasound data that was i i 1 1 i < ?! ( i i!!u ra lit 



TABLE 2 



Matched IVUS d; 


la in palients who received a r3p3mycin-coated stent 


IVUS Parameter 


Post (n=) 


4 month check up (n=) 


12 month check up (n=) 


Mean proximal vessel area (mm 2 ) 


;6.53± 3.53 (27) 


16 31 - 4.36 !23: 


13.96 ±2.26 (13) 


Mean distal vessel area (mm 2 ) 


i Z 12 i 3.68(26) 


13.53 + 4. 17 (26) 


12.49 ±3.25 (14) 



[0032] The data illustrated that there is minimal loss of vessel area proximally o whw indii n i n 

>f 3 e rem df in j urn i ed wi in-t t 

[0033] Other than the stent itself, there have seen no effective solutions to the problem of vascular remodeling. 
Accordingly, i n „ 1 , in ■ i i, represent i biological approach ;o controlling the vascular remodeling phenomenon. 
[0034] It may be hypothesized that rapamycin acts to reduce negative remodeling in several ways. By specifically 
blocking the proliferation of fibroblasts in the vascular wall In response to injury, rapamycin may reduce the formation 
of vascular scar tissue. Rapamycin may also affect the translation of key proteins involved in collagen formation or 
metabolism. 

[0035] Rapamycin used in co tex u r, and j - natives arte congeners that bind 

FKBP12 and possess the same pharmacologic properties as rapamycin. 

[0036] In aprf > i , < i < i i < i< < ni ^ n> gab f 

remodeling of an arterial segment after balloon angioplasty as a means of reducing or preventing restenosis. While 
i( h v df f i i i f i i f ( ni h n df ( c n )i 

sheath which elutes or releases rapamycin. The delivery system for such a device may comprise a local infusion 
catheter that delivers rapamycin at a rate controlled by the administrator. 

[0037] Rapamycin i ieliverec sing an oral dosage form or a chronic injectibie depot form 

or a patch to deliver rapamycin for a period ranging from about seven to forty-five days to achieve vascular tissue 
eveis 1 ?re < r t to ii ihibil P i xj. ; h treatment ; to be jsed o edu or prevent restenosis 
when administered several days prior to elective angioplasty with or without a stent. 

[0038] Data ine and rabbit modi In rapar in It he vascular wall from 

a nonerodible polymeric stent coating in a range of doses (35 to 430 ug/15 to 1 S mm coronary stent) produces a peak 
50 to 55% reduction in neointlma! hyperplasia as set forth in Table 3 below. This reduction, which Is maximal at about 
28 to 30 days, is typically not sustained in the range of 90 to 180 days in the porcine model as set forth in Table 4 below. 



55 
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TABLE 3 



Animal studies with rapamycin-coated stents (Values are mean + standard error of mean) 


Study 


Duration 


Stent 1 


Rapamycin 


N 


Neointimal area 
(mm 2 ) 


% change from 
Polymer | Metal 


PORCSNE 




14 days 


Metal 




8 


2.04 + 0.17 










1x + rapamycin 


153 m 


8 


1.66 + 0.17* 


-42% 


-19% 






1x + TC300 + 
rapamycin 


155 jxg 


8 


1.51 +0.19* 


-47% 


-26% 


99005 


28 Yc j, ; 


Metal 




10 


2.29 + 0.21 














9 


3.91 + 0.60"* 










1x + TC30 + rapamycin 


130 no 


8 


2.81 + 0.34 




23 h 






1x+TC100+rapamycin 


i2( |ig 


9 


2.62 + 0.21 




14% 


99006 


28 days 


Metal 




12 


4.57 + 0.46 










EVA/BMA 3x 




12 


5.02 + 0.62 




10% 






1x + rapamycin 


125 |ig 


11 


2.84 + 0.31* ** 


-43% 


-38% 






3x + rapamycin 


430 jig 


12 


3.06 + 0.17* ** 


-39% 


" h 






3x + rapamycin 


157 |ig 


12 


2.77 ± 0.41* ** 


-45% 


-39% 


9901 ! 


28 days 


Metal 




11 


3.09 + 0.27 














...11 


4.52 + 0.37 










1x + rapamycin 


189 |ig 


14 


3.05 ± 0.35 




-1% 






3x+rapamycin/dex 


182/363 u.g 


14 


2.72 + 0.71 




-12% 


99021 


60 days 


Metal 




12 


2.14 + 0.25 










1x + rapamycin 


181 ng 


12 


2.95 + 0.38 




38% 


99034 


28 days 


Metal 




8 


5 14 0.58 










1x + rapamycin 


186 pg 


8 


2.47 + 0.33** 




-53% 






3x + rapamycin/dex 


185/369 |ig 


6 


2.42 + 0.64** 




-54% 


20001 


28 days 


Metal 




6 


1.81 +0.09 










1x + rapamycin 


1 72 pg 


5 


1.66 + 0.44 






20007 


30 days 


Metal 




3 


2.94 + 0.43 










1xTC + rapamycin 


•i55p,g 


10 


1.40 + 0,11* 




-52%* 


RABBiT 


99019 


28 days 


Metal 




8 


1.20 + 0.07 










EVA/BMA 1x 




10 


1.26 + 0.16 




5% 






1x + rapamycin 


64 u.g 




0.92 + 0.14 


-27% 


-23% 



■Si-yM nemanclature: 

EVA/BMA 1x, 2x, and 3x signifies approx. 500 w , 1000 |j,g, and 1500 jig total mass (polymer + drug), respectively. 

TC. top coat or 30 ;;g. I 00 ;;g. c..- 300 ■•■j d: HQ -tree Bid A. Bipiia-vc: Psi-lo i jyors of rapamyc'i i - iiVA'BMA oooaratod by a 100 ::c ' BMA layer. 

:ation. 

*p<0 05 from EVA/BMA control. 
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TABLE 3 (continued) 





Animal s 


tudies with rapamycin-coated stents (Va 


ues are mean + standard error of mean) 


Study 


Duration 


Stent 1 


Rapamycin 


N 


Neoiritlrna! area 

(mm 2 ) 


% change from 














Polymer 


Metal 


RABBST 






1x + rapamycin 


196 iig 


10 


u >e : m* + * 




-45% 


99020 


28 days 


Metal 




12 


1.18 + 0.10 










EVA/BMA 1x + 
rapanrycin 


197 ug 


8 


0.81 ±0.16 




-32% 



EVA/BMA 1 < 2x i 1 t rev ti 'e v 

"■ lu 1 ' i i ii t I J jq i eeBMA layer. 

'\ > i t i -■ I -* .tlO" 

'p IS ; F\ v'BMA 
"fj<0.05from Metal; 

i i ' ( ' ' i i: 1 --- <25% ini'iT'c i 1 i i I E 



TABLE 4 



180 day porcine study with rapamycin-coated stents (Values are mean ± standard error of mean) 



Study 


Duration 




Rapamycin 


N 


Neomtimai 


% change from 


inflammation 


Polymer 


Metal 


20007 


3 days 


Metai 




10 


0.38 ± 0.06 






1 .05 ± 0.06 






1xTC + 
rapamycin 


155 ug 


10 


0.29 + 0.03 




-24% 


1 .08 + 0.04 






Metal 




9 


2 94 :r 0.43 






0.11 +0.08 






1 xTC + 
rapamycin 


155 ng 




1.40 ±0,11* 




■•52%* 


0.25+0.10 




90 days 


Metal 




10 


3.45 ± 0.34 






0 20 : 0 08 






1xTC + 
rapamycin 


1 55 u.g 




3.03 ± 0.29 






0.80 ± 0.23 






1x + 

rapamycin 


171 ug 


10 


2.86 ± 0.35 




■17% 


0.60 + 0.23 




180 days 


Metal 




10 


3,65 ± 0.39 






0.65 ±0.21 






1xTC + 
rapamycin 


155ug 


10 


3.34 ±0.31 




-8% 


1 .50 +. 0.34 






1x + 

rapamycin 


171 ,ag 


10 


3.87 ± 0.28 




6% 


1 .68 +. 0.37 



[0039] The release of rapamycin Into the vascular wall of a human from a nonerodible polymeric stent coating pro- 
i! i - i ii t t •>« magnitude and duration of the reduction in neoint:mal hyperplasia within the 

stent as compared to the vascular wails of animals as set forth above. 

[0040] Humans implanted with a rapamycin coated stent comprising rapamycin In the same dose range as Ii 1 
in animal models using the same polymeric matrix, as described above, reveal a much more profound reduction in 
neointimai hyperplasia than observed In animal models, based on the magnitude and duralion of reduction In neointirna. 
The human i ea s essentially tota! abolition of neoiniimal hyperplasia inside the stent 

using boil' it iv ascular ultrasound measurements. These results are sustained tor a; leas; one year 
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as set forth in Table 5 below. 

TABLE 5 





Patients treated (N=45 patients) with a rapamycin-coated stent 




Effectiveness Measures 


Siroiimus f-!M (N=45 Patients, 4b Lesions^ 


95% confidence limit 




Procedure Success (QCA) 


100.0% (45/45) 






4-month in-stent diameter stenosis (%) 






10 


D (N) 


48%+6.1%(30) 


[2 6%,7.0%j 




Range (min.max) 


(-8.2%, 14.9%) 






6-month in-stent diameter stenosis (%) 








- V c.Q (N) 


8.9%±7.6%(13) 




Range (min.max) 


(-2.9%,20.4%) 






12-month in-stent diameter stenosis (%) 








M> -n ° ^ 


8,9%±6.1%{15) 


[5.8%, 1 2.0%1 


20 


Range (rnin,max) 


C-3.0%,22.0%) 






4-month in-stent late loss (mm) 








Mean±SD (N) 


0.00+0.29 (30) 


[-0.10,0.10] 




Range {rnin,max) 


i 51 i 4;". 






6-month in-stent late loss (mm) 








Mean±SD (N) 


0.25+0.27(13) 


[0.10,0.39] 




Range {min.max) 


(-0.51,0.9' 




30 


12-month in-stent late loss (mm) 








Mean±SD (N) 


0.11+0.36(15) 


[-0.08,0.293 




Range (min.max) 


(-0.51,0.82) 




3* 


4-month obstruction volume (%) (IVUS) 








Mean±SD (N) 


\QAti%±2 78% (28; 


[9 .45% ,11. 51%] 




Range (min.max) 


(4.60%,16.35%) 






f :S ( ' ! V Li S 






40 


Mean±SD(N) 


7,22%+4.60% (13) 


[4.72%,9.72%j 




Range (min.max) 


(3.82%, 19.88%) 






12-month obstruction volume (%) (IVUS) 






45 


Mean±SD(N) 


2.11%±5.28% (15) 


[0.00%,4.78%j 




Range (min.max) 


(0.00%, 19.89%) 






6-month target lesion revascularization 
(TLR) 


0.0% (0/30) 


[0.0%,9.5%] 




1 2-month target lesion revascularization 
(TLR) 


0.0% (0/15) 


[0.0%, 1 8.1%| 




QCA = Quantitative Coronary Angiography 

SD = Standard Deviation 

iVUS = intravascular Ultrasound 



[0041] Rapamyoin produces an unexpected benefit In humans when delivered from a stent by causing a profound 
reduction In in-stent neo niin a erpla a; is sustained for at least one year. The magnitude and duration of thss 
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benefit in humans is not predicted from animal model data. Rapamycin used in this context includes rapamycin and 
all analogs, derivatives and congeners that bind FKBP12and possess the same r| 3 as rapamy- 

[0042] These results may be due to a number of factors. For example, the greater effectiveness of rapamycin in 
s humans ;ck >gr sens /ofitsmecha ?faci« 1 toward the pathophysiology of human vascular lesions 

compared to the pathophysiology of animal models of angioplasty. In addition, the combination of the dose applied to 
ihe stem and ;he polymer coaling that controls the release of the drug Is important in the effectiveness of the drug. 
[0043] As stated above, rapamycin reduces vascular hyperplasia by antagonizing smooth muscle proliferation in 
response to mitogenic signals that are released during angioplasty injury. Also, It is known that rapamycin prevents T- 
10 cell proliferation and differentiation whei y. if has also been de I 1 amycii exerts 

a local inflammatory effect in the vessel wall when administered from a stent in low doses for a sustained period of 
time (approximately two to six weeks). The local anti-inflammatory benefit is profound and unexpected. In combination 
with the smooth muscle anti-proliferative effect, this dual mode of action of rapamycin may be responsible for its ex- 
ceptional efficacy. 

15 [0044] Accordingly, rapamycin delivered from a local device platform, reduces neo I is 3 by a combi- 

- ) c t v t )'ii)>< m" $ nooth muscle anti-proliferative effects. Rapamycin used in this context means ra- 
pamycin and all analogs, derivatives and congeners that bind FKBP1 2 and possess the same pharmacologic properties 
as rapamycin. 

[0045] Local device platforms include stent coatings, stent sheaths, grafts and local drug infusion catheters or porous 
20 balloons or any other suitable means for the in situ or local delivery of drugs, agents or compounds. 

[0046] The anti -inflammatory effect of rapamycin is evident in data from an experiment illustrated in Table 6, in which 
rapamycin delivered from a stent was compared with dexamethasone delivered from a stent. Dexamethasone, a potent 

- — 1 , c ' reference standard. Although dexamelhasone is able to reduce in- 
flammation scores, rapamycin is far more effective than dexamethasone in reducing Inflammation scores. In addition, 

2s rapamycin significantly reduces neointima! hyperplasia, unlike dexamethasone. 



TABLE >5 



Group rapamycin rap 


N= 


Neointimal area (mm 2 ) 


% area stenosis 


inflammation score 


Uncoated 




5 1.65 


54 ± 19 


0.97 v 1 00 


Dexamethasone (dex) 




4.31 ± 3.02 


45 + 31 


0 39 + 0 24 


Rapamycin (rap) 


8 


2.47 ± 0.94* 


26 ± 10* 


0.13 ±0.19* 


Rap + Dex 


6 


2.42+ 1.58* 


26 x 18* 


0.17 + 0.30* 



' = Siyniiica-.'jo level P < COS 



[0047] Rapamycin has also been found to reduce cytokine levels in vascular tissue when delivered from a stent. The 
data in Figure 1 illustrates that rapamycin is highly effective in reducing monocyte chemotactic protein (MCP-1 ) levels 
In the vascular wall. MCP-1 is an example of a proinflammatory/chemotactic cytokine that is elaborated during vessel 
Insury. Reduction in MCP- 1 illustrates the beneficial effect of rapamycin in reducing the expression of proinflammatory 
mediators and contributing to the anti-inflammatory effect of rapamycin delivered locally from a stent l! is recognized 
thai vascular inflammation in response to injury s aj 1 )tit > the de riant o ) ■ it j hyperplaj j 

[0048] Since rapamycin may be shown to Inhibit local Inflammatory events In the vessel it is believed that this could 

< t sx < r r 1 r j < > f r; I s 

[0043] As set forth above, rapamycin functions on a number of levels to produce such desired effects as the preven- 
tion of T-cell proliferation, the Inhibition of negative r t r the reduction of inflammation, and the prevention of 

in 1 Ipi In 'tlietxacttnechanis 1 arenotcoi k the rrtech 

anisms that have been identified may be expanded upon. 

[0050] ^ h 1 t 1 1 n 1 1 j h r •> 1 i r 1 ' ■ f II 

t 5 i I n a 1 si a e- °d ctions in late lumen loss and 

neointimal plaque volume have been observed m patients receiving rapamycin delivered locally from a stent. The 
present invention expands upon the mechanism of rapamycin to include additional approaches to inhibit the cell cycle 
and reduce neointimal hyperplasia without producing toxicity. 

[0051] The cell cycle is a tightly controlled biochemical cas - < 

t y move from G 0 (quiescence) to the G1 phase of the ceil 
cycle. Selective inhibition of the cell cycle in the G1 phase, y y tc DNA replication (S phase) mav 1 
advantages of cell preservation and viability while retaining anii-pi lif* • when compared to therapeutics 
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that act later in the cell cycle i.e. at S, G2 or M phase. 

[0052] Accordingly, the prevention - m! \ -■. • , c in blood vessels and other conduit vessels in the body may 
be achieved using eel! cycle inh selectively at the G1 phase of the cell cycle. These inhibitors of the G1 

phase of the cell cycle may be small molecules, peptides, proteins, oligonucleotides or DNA sequences. More speeif- 
s icaily, these drugs or agents include inhibitors of cyolin dependent kinases (cdk's) involved with the progression of the 
cell cycle through the G1 phase, in particular cdk2 and edk4. 

[0053] Examples of drugs, agents or compounds that act selectively at the G1 phase of the cell cycle include small 
molecules s r . -■aiogs that have h. t . in the late G1 phase 

by antagonism of cyclin dependent kinases. Therapeutic agents that elevate an endogenous kinase inhibitory protein ki P 

10 called P27, sometimes referred to as P27 k 'P 1 , that selri. ; es may be utilized. Th« 

Includes small molecules, peptides and proteins that either block the degradation of P27 or enhance the cellular pro- 
duction of P27, including gene vectors that can transfact the gene to produce P27. Staurosporin and related small 
molecules thai block the cell cycle by inhibiting protein kinases may be utilized. Protein kinase inhibitors, including the 
1 3 j lecti t t nuscie in re~ 

15 sponse to a broad range of growth factors such as PDGF and FGF may also be utilized. 

[0054] An t li j c i j I i I at la lini < est ten ally, for exam- 

pie, orally, intravenously, intramuscularly, suhcuianeously, nasally or intradermal!;/, or locally, for example, stent coating, 
stent covering or local delivery catheter. In addition, the drugs or agents discussed above may be formulated for fast- 
s r f ) ' f i i i 3e* t ssi.es f or a period 

20 ranging from three days to eight weeks. 

[0055] As set. forth above, the complex of raparayoin and FKPB1 2 blade to and inhibits 3 phospholnosiiide (PIV-3 
kinase called the mammalian Target of Rapamycin or TOR. An antagonist of the catalytic activity of TOR, functioning 

; ei t i jllosieric moduiat 1< t t > n f 

would mimic the actions of rapamycin but bypass the BP 12 fit potential advantages of a direct 

25 inhibitor of TOR iik rat t , it in addition, other potential 

advantages include greater selectivity and specificity of action due to the specificity of an antagonist for one of multiple 
Isoforms of TOR that may exist in different tissues, and a potentially different spectrum of downstream effects leading 
to greater drug efficacy and/or safety. 

[0056] The inhibitor may be a small organic molecule (approximate molecular weight less than about 1000), which 
'« lis t ) ii3 an hu inhibit, h i h < < I i< , 

of proteins. It may also be a peptide or an oligonucleotide sequence. The inhibitor may be administered either sytem- 

a t i i i u tii u! > t i i 3 It n i i t n < 3t 

covering, local drug delivery catheter). For example, the inhibitor may be released into the vascular wall of a human 
ron 3 r 1 L I |. -i i i t i i i n f ^ e or slow release 

35 with the objective of maintaining the rapamycin or other drug, agent or compound in contact with target tissues for a 
period ranging from three days to eight weeks. 

[0057] As stated previously, the implantation of a coronary stent in conjunction with balloon angioplasty is highly 
rea a e vesse j - snd i ay reduce the - - Intravascular ultrasound studies (Mintz 

M j - t < in j t | u i , < j i < , unal 

40 loss after stent implantation is due to plaque growth, probably related to neointli 1 perp isia The late luminal loss 
after coronary stenfing is almost two times higher than that observed after conventional balloon angioplasty. Thus, 
inasmuch as stents prevent at least a portion of the restenosis process, the use of drugs, agents or compounds which 
) ;vent lrration xoiiferat 5 vent proliferation by multiple mechanisms, combined with a stent may 
provide the most efficacious treatment for pc si -i enosls. 

45 [0058] The local delivery of drugs, agents or compounds from a stent has the following advantages; namely, the 
prevention of vessel recoil and remodeling through the scaffolding action of the stent and the drugs, agents or corn- 
pounds and the prevention of multiple components ofneotntimal hyperplasia. This local administration of drugs, ,- its 

higher tissue 

concentrations would be achievable than that which would occur with systemic administration, reduced systemic tox- 
so Icity, and single treatment and ease of administration. An additional benefit of drug therapy may be to reduce the dose 

of the therapeutic compounds, thereby limiting their toxicity, white still achieving a reduction in restenosis. 

[0059] There are a n iplicity of dif 56 / f r per aneou transluminal 3 1 

c e Is may be utilized in accordance with 

one particular stent will he described in exemplary embodiments of the present invention. The skilled artssan will rec- 
55 ognize that any number 0; stents may be utilized m connection with the present Invention. 

[0060] A stent is commonly used as a tubular structure left inside the lumen of a duct to relieve an obstruction. 

Commonly, stents are inserted into the lumen in a non-expanded form and are then expanded autonomously, or with 

the aid of a second device in situ. A typical method of expansion occurs through the use of a catheter-mounted angi- 
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the stenosed vessel or body passageway in order to shear and disrupt the 
obstructions associated with the wall components of the vessel and to obtain an enlarged lumen. As set forth below, 
self-expanding stents may also be utilized. 

[0061] Figure 2 illustrates an exemplary stent 100 which may be utilized in accordance with an exemplary embodi- 

s ment of the present invention. The expandable cylindrical stent 100 comprises a fenestrated structure for placement 
in a blood vessel, duct or lumen to hold the vessel, duct or lumen open, more particularly for protecting a segment of 
artery from restenosis after angioplasty. The stent 100 may be expanded circurnferentiaiiy and maintained in an ex- 
panded configuration, that is circurnferentiaiiy or radially rigid. The stent 100 is axially flexible and when flexed at a 
band, the stent 100 avoids any externally-protruding component parts. 

10 [0082] The stent 100 generally comprises first and second ends with an intermedia ebetween. The 

stent 100 has a longitudinal axis and comprises a plurality of longitudinally disposed bands 102, wherein each band 

ii generally cortiii j 3 ,i 1 ; 3 3 e- jx [ lui it 11 

ferentially arranged links }4 mainta the bands 102 in a substantially tubular structure. Essentially, each longitudinally 
disposed I 1 nn '1 1 itions. by a she 1 |ed nk104io 

15 an adjacent band 102. The wave associated with each of the bands 102 has approximately the same fundamental 
spatial frequency in the intermediate section, and the bands 102 are so disposed that the wave associated with them 
are generally aligned so as to be generally in phase with one another. As illustrated in the jure, eac one 
arranged band 102 undulates through approximately two cycles before there is a link to an adjacent band. 
[0983] 1 f 1 I ) 3 ? i i»t In 3 1 / be c abn 

20 cated from a hollow or formed stainless steel tube that may be mach i - srs, electric discharge milling, chem- 
t etching or other means;. T stent 100 , inserted into the body and pieced at the desired t ;n an unexpended 
form. In one embodiment, expansion may be effected in a blood vessel by a balloon catheter, where the final diameter 
of the stent 100 is a function of the diameter of the balloon catheter used. 

[0064] It should be appreciated that a stent 100 in accordance with the present invention may be embodied in a 
2s shape-memory material, inciting, for example, an appropriate alloy of nsckes and titanium. In this embodiment, after 
the stent 1 00 has been termed 1 may be compressed so as to occupy a space sntfiCieritly smalt as to permit its insertion 
In a blood vessel or other tissue by insertion means, wherein the insertion means include a suitable catheter, or flexible 
rod. On emerging from the catheter, the stent 100 may be configured to expand into the desired configuration where 
the expansion is automatic or triggered by a change in pressure, temperature or electrical stimulation. 
30 [0065] Figure 3 illustrates an exemplary embodiment of the presenl Invention utilizing the stent 100 illustrated in 
Figure 2. As illustrated, the stent 100 may be modified to comprise a reservoir 106. Each of the reservoirs may be 
opened or closed as desired. These reservoirs 106 may be specifically designed to hold the drug, agent, compound 
or combinations thereof to be delivered. Regardless of the design of the stent 100, it is preferable to have the drug, 
agent, compound or combinations thereof dosage applied with enough specificity and a sufficient concentration to 
35 provide an effective dosage in the lesion area. In this regard, the re a rvc size in he bands 102 is preferably sized to 
adequately apply the drug/drug combination dosage at the desired location and in the desired amount. 
[0086] t 1 
various drug and drug combinations in therapeutic dosage amounts. A detailed description of exemplary coating tech- 
niques is described below. 

40 [0067] Rapamycin or any of the drugs, agents or compounds described above may be incorporated into or affixed 
to the stent in a number of ways and utilizing any number of biocompatible materials. In the exemplary embodiment, 
the rapamycin is directly incc t > 1 1 1 ind sprayed onto the outer surface of the stent. The 

rapamycin elutes from the polymeric matrix over time and enters the surrounding tissue. The rapamycin preferably 
remains on the sttn > =>- 1 n f u[ t 1 1 h 1 1 1 and 

45 thirty days. 

[0068] Any number of non-erodible polymers may be utilized in conjunction wilh rapamycin. In the exemplary em- 
bodiment, the polymeric matrix comprises two layers. The base layer comprises a solution of ethylene-co-vinyiacetate 
and polybuft/imetftaorylale. The rapamycin Is Incorporated Into this layer. The; outer layer comprises only polybutyl- 
methacrylate and acts as a diffusion barrier to prevent the rapamycin from eluting too quickly and entering the sur- 

50 rounding tissues. The thickness of the outer layer or top coat determines the rate at which the rapamycin elutes from 
the matrix. Essentially, the rapamycin elutes from the matrix by diffusion through the pc lymei molecules. Polymers 
tend to move, thereby allowing solids, liquids and gases io escape therefrom. The total thickness of the polymeric 

I s In ins 1 i 3 d l pm to abc 2C 1 g eater. 

[0063] The ethylene-co-vinyi celare po ybutylmethacrylate and rapamycin solution may be incorporated into or onto 

55 the stent in 3 number of ways. For example, the solution may be sprayed onto the stent or the stent may be dipped 
into the solution. In a preferred embodiment, the solution is sprayed onto the stent and then allowed to dry. in another 
exemplary embodiment, the solution may be electrically charged to one polarity and the sic- > electrics v ■ hang< d to 
is solution and stent will be ath< ; 
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process, waste i eed and more control over the thickness of the coat may be achieved. 

[0070] Since rapamycin acts by entering the surroundre tiss u© i aff yed to the surface of the stent 

making contact with one tissue. Typically, only the outer surface of th-i-i ?l l ^ < 

in a preferred embodiment, only the outer surface of the stent is coated with rapamycin. For other drugs, agents or 

5 compounds, the entire stent may be coated, 

[0071] It is important to note that different polymers may be utilized for different stents. For example, in the above- 
described embodiment, eihyiene-co-viriylacetaie and poiybutylmethacryiafe are utilized to form (he polymeric matrix. 
This matrix works well with stainless sieel stents. Other polymers may be utilized more effectively with stents formed 
from other mate r a including laterials that ex ich as alloys c nic el a d titanium. 

10 [0072] in another exemplary embodiment, the rapamycin or oil lei ( | rated into a film- 

forming polyfluoro copolymer comprising an amount of a first moiety selected from the group consisting of polymerized 
in in lene a i an amount of a second moiety other than the first moiety 

and which is eopolymerized with the first moiety, thereby producing the polyfluoro copolymer, the second moiety being 
capable of providing toughness or elastomer;;: progenies > ;ne polyfluoro copolymer, wherein he relative amounts of 

15 the first moiety and the second moiety are effecti eio 3 e the coating an li c ce there a s jperties 
effective for use in coating implantbale medical devices. 

[0073] The present invention provides polymeric coatings ( . i ig a polyfluoro ipo i i itablf riedica! 

devices, for example, stents coated with a film of the polymeric coating in amounts effective to reduce thrombosis and/ 
or restenosis when such stents are used in, for example, angioplasty procedures. As used herein, polyfluoro copolymers 
2 k ■ i opolymers comprising an amount of a first moiety selected from the group consisting of polymerized 
vinylidenefiuoride and polymerized tetrafluoroethylene, and an amount of a second moiety other than the first moiety 
and which is eopolymerized with the first moiety to produce the polyfluoro copolymer, the second moiety being capable 
of providing toughness or eiasiornerlc properties to the polyfluoro copolymer, wherein she relative amounts of the first 

luoro copolymers with 

25 properties effective for use in coating implantable medical devices. 

[0074] The film-forming biocompatible polymer coatings generally are applied to the stent in order to reduce local 
turbulence in blood flow through the stent, as well as adverse tissue reactions. The coatings and films formed therefrom 
also may be used to administer a pharmaceutical^ active material to the site of the stent placement. Generally, the 
amount of polymer coating to be applied to the stent will vary, depending on, among other possible parameters, the 

30 particular polyfluoro copolymer used to prepare the coating, the stent design and the desired effect of the coating. 
Generally, the coated stent will comprise from about 0.1 to about fifteen weight percent of the coating, and preferably 
from about 0.4 to about ten weight percent. The polyfluoro copolymer coalings may be applied in one or more coating 
steps, depending on the amount of polyfluoro copolymer to be applied. Different polyfluoro copolymers may be used 
for different layers in the stent coating, in fact, in certain exemplary embodiments, it is highly advantageous to use a 

js diluted first coating solution comprising a poiyiluoro copolymer as a earner to promote adhesion of a subsequent poly- 
fluoro copolymer coating layer that may include pharmaceutical^ active materials. The individual coatings may tie 
prepare;; from different polyfluoro copolymers. 

[0075] Additionally, a top coating may be applied to delay release of the pharmaceutical agent, or they could be used 
i I ii if a differed i u ill i ings may be used to stage 

40 release of the drug or to control release of different agents placed in different layers. 

[0076] Blends of polyfluoro copolymers may also be used to control the release rate of different agents or to provide 
a a desirable balance of coating properties, i.e., elasticity, toughness, etc., and drug delivery characteristics, for ex- 
ample, release profile. Polyfluoro copolymers with different solubilities in solvents may be used to build up different 
. v e v i i , . < it j t nt I e release profile of a druc c < 3 u ) s 

45 polyfluoro copolymers comprising 85.5/14.5 (wt/wt) of poly(vinytidine-fluoride/HFP) and 60.6/39.4 (wt/wt) of poly(viny- 
dinefluoride/HFP) i DM Ac "Owes - I iide) polyfluoro copolymer 

is soluble in methanol. So, a first layer of the 85.5/14.5 polyfvinylid ief > j "inq a drug 

could be over coated with =■ tope > < f hs < i " u 4 i 1 i Mi i ^ ' ui 

anol solvent The Sop coating may he used to delay the drug delivery of the drug contained in the first layer. Alternately, 

so the second layer could comprise a different drug to provide for s c ( vei y. Multiple layers of different 

drugs could be prtv . 1 1 > 1 t v polyfluoro copolymer, then the other. As will be readily ap- 

preciated by those skilled in the art, numerous layering approaches may be used to provide the desired drug delivery. 
[0077] Li I y mixing one or more th > 

in a coating mixture. The therapeutic agent may be present as a liquid, a finely divided solid, or any other appropriate 

55 physical form. Optionally, the coating mixture may Include one or more additives, for example, nontoxic auxiliary sub- 
stances such as diluents, carriers fc v v.„ - he Othe s irmulated with 
the polymer and pharmaceutical^ active agent or compound. For example, a hydrophilic polymer may be added to a 
blocompatit ■ , ' the release profile, or a hydrophobic polymer may be added to a hy- 
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drophiiic cc e pre e. One example wouid be i ed from the 

group cons r ene oxide, polyvinyl pyrrolidone, polyethylene glycol, carbo i . rse, andhy- 

droxymeihyi cellulose to a polyfluoro copolymer coating to modify the release profile. An - .t've amounts 

may be determined by monitoring the in ivtro and/or in vivo release profiles for the therapeutic agents. 

s [0078] The best conditions for the coating application are when the polyfluoro copolymer and pharmaceutic agent 
have a common solvent. This provides a wet coating that is a true solution. Less desirable, yet still usable, are coatings 
lhal contain the pharmaceutical agent as a solid dispersion in a solution of tne polymer in solvent Under tne dispersion 
conditions t s i 1 1 f A I } ai If i h [ f i the primary 

powder size and its aggregates and agglomerates, is small enough not io cause an irrec n a ce or to clog 

10 the slots of the stent that need to - 5 

and the smoothness of the coating film surface requires improvement, or io be ensured thai ail particles of the drug 
are full . j t i i I if j ) um >i v li< « t c ti - i\ < (_ ,k \ , i ,.\ p i I k ^ 

copolymer only) topcoat of the same polyfluoro copolymer used to provide sustained release of the drug or another 
polyfluoro copolymer that further restricts she diffusion Io the drug out of the coating may be applied. The topcoat may 

15 IJS-61 53252. Other methods for 

coat include ing and spray a Dip coating at >ro i e drug 

; very - in hi at ;iveni 5 the p dymei and the clear coating solution acts as a 

zero concentration sink and redissolves previously deposited drug. The time spent in the dip bath may need to be 
limited so that the drug Is not extracted out into the drug free hath. Drying should be rapid so that the previously 

20 deposited drug does not completely diffuse Into the iopcoat. 

[0079] T a: oun !< up !< r c employed and medical condition 

being treated. Typically, the amount of drug represents about 0.001% to about 70% of the total coating weight, and 
more typical i > > f In al < < t > In In tin 1 1 < > en lit l< 

as 0.001% to the total coating -weight. 

25 [0080] The quantity and type of polyfluoro copolymers employed In the coating film comprising the pharmaceutic 
agent will vary depending on the release profile desired and the amount of drug employed. The product may contain 
blends of the same or different polyfluoro copolymers having different molecular weights to provide the desired release 
profile or consistency to a given formulation. 

[0081] Polyfluoro copolymers may release dispersed drug by diffusion. This can result in prolonged delivery (over, 
M i (! i -it i | t i t i nit um i n mi 1 5 ioo fig. 

cnr 2 .min- 1 ) of the drug. The dosage may be tailored to the subject being treated, the severity of the affliction, the 
judgment of the prescribing physician, and the like. 

[0082] Drug eiuting stents, as described above, have demonstrated an ability io dramatically reduce late lumen loss 
and restenosis rates in patients with coronary artery disease based on data from randomized clinical trials. However, 

35 the ability of this technology to substantially eliminate the problem of restenosis has only recently been investigated 
In very large patient cohorts that examine longer and more complex lesions, including Type C lesions. Lesions may 

assifled as Type A, 3 or O, which is A d'f c O ) i an Asr x:ial.:on ;s;f i in 

system. A Type A lesion Is minimally complex, discrete (length <10 mm), concen - - s - no ungulated 

,< t< -r i t ((Id t an iit > ( Ik n in > iaj u 

40 side branch Involvement, and an absence of thrombus. A Type B lesion is moderately n plb' . _ ' - „ h io mm 
to 20 mm), eccentric, moderate tortuosity of proximal segment, moderately angulaied segment (>45°, <90°), irregular 
i i i f i hf i ( f 1 1 t ) in II is I i i j is inquiring 

double guidewires, and some thrombus is present. A Type C lesion Is severely complex, diffuse (length >2 cm), ex- 
cessive tortuosity of proximal segment, ( : nremeiy angulaied segments (>9Q ), total occlusion? >3 months old and/or 

45 bridging collaterals, inability to protect major side branches, and degenerated vein grafts with friable lesions. 

[0083] initial quantitative results obtained with rapamycin eiuting stents in tne firs; large (one thousand one hundred 
patient) randomized multicenter trial representative of real world stenting conditions, i.e., Type A, B, C lesions, reveal 
3 phenomc c th ; ;g- side epth and direr > - >ene;ra i fi i Ik stenistrui nt( hevessc vail may 
play an it ut < I hit t ey me •■I whir" incorporates the m-stent region and 

so ho es n t* iiv f * h »« v 3 a »e includes a length of vessel extending five mm past the ends of the stent. 
More Importantly the results indicate h drug penetration Into itie proximal and distal portions of the vessel beyond 
ihe stent edges, i.e., the five mm boarder region may be required to subs a flatly elir -.r. < restenosis c? sed y 
aggressive remodeling and neoinilmal hypet plasia. Essentially it is preferable thai the drug c:oated .stent: of the present 
Invention be used for the pre- - i - esion restenosis, wherein target lesion includes the stented region and 

55 areas extending past the stented region. 

[0084] Angiographic results from the first four hundred patients followed up at eight months in the above-referenced 
large randomized n i t i - 5 that in-stent late lumen loss is dramatically reduced (0.92 +/- 0.69 mm 

versus 0.14+/- 0.44 mm; bare stent versus rapamycin coated stent, pO.0001) as is distal edge lumen loss (0.19+/- 
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0.61 mm versus 0.04 +/- 0.42 mm; bare stent versus rapamycin coated stent, p<0.05). In contrast, the proxim ed i< 
lumen loss (0.26+/- 0.55 mm versus 0.16 +/-0.16 mm; bare stent versus ->ated stent, p=0.22, ns) si - 

thai there is a somewhat diminished effect. This unexpected result suggests a need for an improved design of drug 
eiuting stents to minimize edge lumen loss, particularly proximal to the stent, in addition to minimizing target lesion 
restenosis. 

[0085] It is important to note that the above-described trials utilized the EVA/BMA coating described above. 
[0086] One possible explanation for these results is the direction of blood flow relative to the stent. It may be possible 
for the blood to be carrying away a portion of the rapamycin as it elutes from the stent, thereby effectively reducing the 
concentration available for absorption Into the tissue proximal to the stent. 

[0087] Accordingly, in a preferred exemplary embodiment, a drug elu g; c»ilc ^corporate an improved drug 
release profile from the edges of the stent, particularly the proximal edge, to prevent or substantially reduce edge 
restenosis, improvement in drug release should preferably lead to improved axial and radia! drug distribution from the 
stent struts into the vessel segments outside the stenied region or zone. These improvements may take any number 
of forms. 

[0088] In one exemplary embodiment, the polymer/drug combination coating may be applied to the stent such that 
there is a higher concentration of the drug proximate to the eoges of the stem, particularly the proximal 2 to 3 mm 
thereof, in other words, it Is preferable that there be more drug on the ends of the stent, for example, from the ends of 
the stent extending up to three mm or more. This tailored or profiled coating technique may be achieved by increasing 
hi i a 3 a [ ' i i - age of, for example, at least ten percent to about 

three-hundred percent, or by increasing the concentration of the drug In the polymer, for example, from about 33% to 
about 80%. The increase in drug concentration depends on the drug and the particular coating selected. In another 
alternate exemplary embodiment where a topcoat is utilized as a diffusion barrier, the thickness of the topcoat in the 
regions proximate trie edges of the stent may be reduced thereby increasing the rate of drag elation from the edges 
of the stent. 

[0089] in yet another alternate <=>\enn I 1ii i it and ni compound with improved solu- 

bility may be used in combination with the stent. For example, a raparnyom analog having improved solubility and thus 
potentially greater tissue penetration may be utilized. A rapamycin analog may Include any structural modification that 
altered physical and chemical properties but did not alter the fundamental mechanism of the drug, i.e. the inhibition of 
mTOR. It may also be possible to use a combination of drugs. For example, rapamycin may be utilized on a major 
portion of the stent and an analog as just described may be utilized in the remaining end portions. 
[0090] in yet another alternate exemplary embodiment, another drug, agent and/or compound may be utilized in 
rat T i n i I may be uiili to improve drug permeability or 

enhance uptake of rapamycin into the vessel wall. The additional drug, agent and/or compound may simply provide 
this effect or augment the effect of rapamycin. 



Claims 

1 . A drug delivery device comprising: 

an intraluminal medical device; and 

a therapeutic dosage of one u i > - i| < y ailixed, •> a predetermined profile, to the intralu- 

minal medical device for the treatment of targe; lesion restenosis. 

2. A drug delivery device according to Claim 1 , wherein the intraluminal medical device comprises a stent. 

3. The drug delivery device according to Claim 1 , wherein the one or more compounds comprises rapamycin. 

4. The drug ie ver\ device according to Claim I , wherein the one or more compounds comprises analogs, derivatives 
and congeners that bind a high-affinity cytosolic protein, FKBP12, and possesses the same pharmacologic prop- 
erties s rapan yc i 

5. The dreg delivery device according to Claim 1 .wherein the therapeutic dosage of one < more cot * nds re - 
ably affixed, in a predetermined profile, to the intraluminal medical device comprises; 

a first concentration of the one or more compounds affixed to a first portion of the intraluminal medical device; 
and 

a seconder n one or more compounds affixed to a - e it 
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device, wherein the second concentration is greater than the first concentration. 

6. The drug delivery device according to Claim 5, wherein the one or more compounds comprises rapamycin. 

7. The drug delivery device according to Claim 1, wherein the therapeutic dosage of one or more compounds reieas- 
ably affixed, in a predetermined profile, to the intraluminal medical device comprises: 

a first concentration of the one or moie va i ( \ t i 1 In in i t i n 

and 

a second concemraiioii of another of or;e or more compounds affixed to a second portion o; ihe intraluminal 
medical device. 

8. The drug delivery device according to Claim 7, wherein the one or more compounds comprises rapamycin. 

S. The drug delivery device according to Claim 7, wherein the another of the one or more compounds comprises a 
high solubility inhibitor of the mammalian Target of Rapamycin. 

10, The drug delivery device according to Claim 1, further Time - sing an age^t to =mha:xii stionofthe 
one c nore cc ip >und aco;| ora ed ink e th« 3« c do " if r ■ - i ire c m pc > . , 1 " J 1 
in a predetermined pr , to the iolraiumiesi medlcai device. 

1 1 . The dreg delivery device according to Claim 1 , wherein the therapeutic dosage of one or mere compounds reieas- 
ably affixed, in a predetermined profile, to ihe intraluminal medical device comprises: 

a first mass of the one or mere compounds in combination with a polymer affixed to a first portion of the 
intraluminal medical device; and 

a second mass of the one or more compounds in combination with a polymer affixed to a second portion of 
the intraluminal medical device, the second mass is greater than the first mass. 
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